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The quasi-one-dimensional antiferromagnetic Ising-like compound BaCo2V2O8 has been shown to
be describable by the Tomonaga-Luttinger liquid theory in its gapless phase induced by a magnetic
field applied along the Ising axis. Above 3.9 T, this leads to an exotic field-induced low-temperature
magnetic order, made of a longitudinal incommensurate spin-density wave, stabilized by weak inter-
chain interactions. By single-crystal neutron diffraction we explore the destabilization of this phase
at a higher magnetic field. We evidence a transition at around 8.5 T towards a more conventional
magnetic structure with antiferromagnetic components in the plane perpendicular to the magnetic
field. The phase diagram boundaries and the nature of this second field-induced phase are discussed
with respect to previous results obtained by means of nuclear magnetic resonance and electron
spin resonance, and in the framework of the simple model based on the Tomonaga-Luttinger liquid
theory, which obviously has to be refined in this complex system.
PACS numbers: 75.10.Pq, 75.25.-j, 75.30.Kz
I. INTRODUCTION
The universal Tomonaga-Luttinger liquid (TLL) the-
ory describes the behavior of interacting fermions in one
dimension (1D) where the Fermi liquid theory breaks
down. A difference with the latter, characterized by
quasiparticle excitations, is that the TLL gives rise to
low-energy density wave excitations.1–4 It is relevant for
1D conductors, as well as for the spin-1/2 quantum
chain compounds. In this context, BaCo2V2O8 has been
proposed as a model system realizing a TLL under a
magnetic field.5 BaCo2V2O8 crystallizes in the body-
centered tetragonal I41/acd (No. 142) space group, with
a = 12.444 A˚ and c = 8.415 A˚.6 There are 16 spin- 32
Co2+ ions in a unit cell, which form screw chains run-
ning along the c axis, two of which are described by a
41 axis and the other two by a 43 axis (see Ref. 7 for
more details on the crystallographic structure). As Co2+
ions are located in a slightly distorted octahedral envi-
ronment, they can be described by highly anisotropic ef-
fective S = 1/2 spins, with a g-factor roughly twice larger
along the c axis than perpendicular to it.8–11 The intra-
chain antiferromagnetic (AF) coupling between the Co2+
S = 1/2 spins is much stronger than the interchain one,
so that the system can be described by the XXZ chain
Hamiltonian:
H = J
∑
i
[
(
Sxi S
x
i+1 + S
y
i S
y
i+1
)
+ Szi S
z
i+1] (1)
where J is the intrachain AF interaction (J > 0) and 
is the anisotropy parameter. BaCo2V2O8 with  < 1
realizes an Ising-like case with the Ising axis aligned
along the crystal c axis.9,12,13 The small but finite in-
terchain coupling J ′ leads to a long-range AF order be-
low the Ne´el temperature TN ≈ 5.5 K, as first evi-
denced by He et al..10 The zero-field magnetic structure
[longitudinal antiferromagnetic (LAF) phase] was shown
by neutron diffraction to consist of AF chains with the
magnetic moments along the c axis and exhibiting frus-
trated interchain couplings.7,14 In the TLL theory, the
antiferromagnetic spin-spin correlation functions paral-
lel (longitudinal) and perpendicular (transverse) to the
applied magnetic field are of different nature: the for-
mer is incommensurate, with sinusoidally modulated cor-
relations, while the latter is staggered (i.e.,’+ − +−’
correlations).15 They also have different field dependen-
cies depending on the anisotropy. The exponent for the
decay of the correlation functions with the distance be-
tween the spins is η for the transverse fluctuations and
1/η for the longitudinal ones, where η is termed the TLL
exponent.5 Then, whereas in the Heisenberg case the
transverse fluctuations dominate in the gapless region
(η always < 1 as soon as a magnetic field is applied),
a more complicated scenario, departing from the classi-
cal picture, is proposed in the Ising-like case: the lon-
gitudinal fluctuations should dominate only at low field
(η > 1), before being destabilized in favor of the trans-
verse ones at higher field (η < 1).5 Applying a magnetic
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2field along the Ising c axis direction in BaCo2V2O8 closes
the anisotropy gap at a critical field Hc ∼ 3.9 T where
a first transition occurs, below 1.8 K, from the zero-field
Ne´el order to a new ordered phase that has inherited the
longitudinal incommensurate character from the parent
TLL phase. The magnetic arrangement in this phase was
determined by neutron diffraction as an incommensurate
longitudinal spin density-wave (LSDW).7,16 The modula-
tion wave number 2kF = 2pi(1/2− 〈Sz〉) varies with the
z component of the field-induced spin 〈Sz〉 due to the
applied magnetic field, as expected in the TLL theory.15
The transition from this exotic ordered phase towards the
transverse AF order is expected at a higher field H∗ be-
fore the saturated ferromagnetic (FM) state is reached at
Hs. This magnetic-field region was probed both by elec-
tron spin resonance (ESR) above 1.3 K12 and by nuclear
magnetic resonance (NMR) at lower temperature.17 The
NMR experiment discovered and mapped two new low-
temperature ordered phases between 8.6 T and Hs, the
transition between them being at 19 T.17 This transition
field coincides with the field where the anomaly of the
high-field magnetization and the softening of one of the
ESR modes were previously observed.12 Whereas a model
based on weakly-coupled spin chains treated as TLLs5
accounts remarkably well for the BaCo2V2O8 phase dia-
gram up to 8.6 T, two additional ordered phases, not pre-
dicted in this model and whose exact nature is difficult
to ascertain by NMR alone, call for further investigation
of this field region.
In this article, we present the results of single-crystal
neutron diffraction under a magnetic field up to 12 T,
applied along the Ising c axis of BaCo2V2O8, allowing us
to identify the ordered magnetic phase above 8.6 T, pre-
viously discovered by NMR,17 that borders on the LSDW
phase. We find a transverse AF order compatible with a
flop of the zero-field magnetic structure, as expected in
the TLL picture, although at a lower field than the cal-
culated one.5 We discuss the result in light of the recent
NMR investigation of this ordered phase.
II. RESULTS
A BaCo2V2O8 single-crystal was grown at Institut
Ne´el by the floating zone method,18 from which a cubic-
shaped crystal with about 3 mm long edges parallel to
the crystallographic axes was cut. The neutron diffrac-
tion experiment was performed on the CEA–CRG D23
single-crystal two-axis diffractometer with a lifting arm
detector at the Institut Laue Langevin high-flux reac-
tor. The oriented sample was mounted on a dilution
insert and placed in an Oxford vertical field 12 T cryo-
magnet, to have H ‖ c. Two different wavelengths were
used, 2.38 A˚ from a pyrolytic graphite monochromator
and 1.28 A˚ from a copper monochromator, in order to
gain in flux and to access a larger volume of the reciprocal
space, respectively. hk0 reflections (up to h or k = 8 with
2θmax = 120◦) could be measured at the first wavelength,
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FIG. 1: (Color online) Field dependence at T = 50 mK (a)
and temperature dependence at H = 12 T (b) of the magnetic
signal: neutron counts on top of the 1¯ 2 0 magnetic reflection
of the high-field phase (blue circles). The orange lines are
phenomenological fits to power laws allowing to extract the
critical field H∗ = 8.5 T at 50 mK and critical temperature
T ∗ = 0.7 K at 12 T. The inset of panel (a) shows a rocking
curve of the 1¯ 2 0 reflection at H = 12 T (fitted to a gaussian
function) and at H = 8 T where it is absent.
while hk0 and hk1 reflections (up to h or k = 14, restrict-
ing ourselves to 2θmax = 100◦) could be measured at the
smaller wavelength with an about three times smaller
flux.
The high-field boundary of the LSDW phase, towards
the second field-induced phase, was probed previously
by single-crystal neutron diffraction7 and found to range
from 9.25 T at 50 mK to 8.75 T at 480 mK. Above this
temperature, the paramagnetic state is reached. Let us
recall that the propagation vector of the LSDW phase is
kLSDW = (1, 0, ξ) with ξ the incommensurate modula-
tion varying between 0.035 and 0.31 r.l.u. when the mag-
netic field, applied along the Ising c axis, varies between
the two critical fields Hc ∼ 3.9 T and Hp ∼ 9.25 T.7
We checked at 50 mK that the magnetic incommensu-
rate satellite peaks associated with the LSDW phase in-
deed disappear at Hp ∼ 9.25 T. Above this field, we
looked for new magnetic Bragg peaks by scanning a por-
tion of the reciprocal space. We found additional signal
indexed by a propagation vector kAF = (1, 0, 0), identi-
cal to the one of the zero-field Ne´el phase.7 This indicates
a high-field commensurate AF structure [labelled trans-
verse antiferromagnetic (TAF) as justified later on] with
pure magnetic peaks appearing on (h + 1, k, l) positions
with h + k + l even, because of the body-centered lat-
tice. Note that the intensity of the magnetic peaks in
the high-field phase is two orders of magnitude smaller
at 12 T than in the zero-field phase.
In order to determine the boundaries of this phase in
field and temperature, we followed the magnetic Bragg
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FIG. 2: (Color online) (a) Magnetic H − T phase diagram
of BaCo2V2O8 obtained from previous specific heat and neu-
tron diffraction data,7 and completed at higher field by the
present neutron diffraction study, in excellent agreement with
the NMR data from Ref. 17. (b–d) Projection in the (b, c)
plane of one of the two domains of the magnetic structure cor-
responding to the LAF (b), LSDW (c), and TAF (d) phases.
The TAF phase is canted due to the field-induced FM com-
ponent, whereas this FM component is null at H = 0 and not
yet developed in the LSDW phase at 4.2 T, very close to the
critical field. In the three panels, the 41 and 43 chains are
in red and blue respectively. The labelling of the Co2+ ions
is explained in Fig. 4. In panels (c) and (d), the scale for
the length of the magnetic moments is respectively twice and
three times that in panel (b).
peak 1¯ 2 0 when varying the magnetic field at T = 50 mK
and when varying the temperature at H = 10.5 T (not
shown) and H = 12 T [see Figs. 1(a,b)]. This allowed
us to complete the H − T phase diagram of Ref. 7 with
this additional TAF ordered phase at higher fields [see
purple triangles in Fig. 2(a)]. On this phase diagram, the
data points obtained from NMR17 are also shown (grey
stars), evidencing a perfect agreement with our data for
the LSDW and TAF phase boundaries. Interestingly, a
coexistence of the LSDW and the TAF phases has been
observed in our neutron data over a nearly 1 T wide
region: the lower critical field of the TAF phase is at
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FIG. 3: (Color online) Graphical representation of the mag-
netic structure refinement in the high field TAF phase of
BaCo2V2O8 at T = 50 mK and H = 12 T: calculated ver-
sus measured integrated intensities. The two sets of data
collected at the two different wavelengths are rescaled to ac-
count for the difference in the neutron flux provided by the
two monochromators, so that they can be presented on the
same graph.
H∗ ' 8.5 T, while the upper one of the LSDW phase
is at Hp ∼ 9.25 T. The LSDW–TAF phase transition
is thus of first-order, like the LAF–LSDW one,7,19 and
contrary to the three transitions between each of these
three ordered phases and the paramagnetic phase, which
are all of second-order.
For the determination of the TAF magnetic structure,
56 different nuclear and 24 different magnetic reflections
were collected at H = 12 T and T = 50 mK at λ =
2.38 A˚. Then, a few of these measurements were repeated
at λ = 1.28 A˚, and additional reflections [not accessible
at the previous wavelength] were added yielding in total
(for both wavelengths) 142 different nuclear reflections
and 32 different magnetic ones (reducing to 60 and 17
independent ones, respectively). The nuclear structure
was first refined, using the two data sets and refining
one scale factor for each wavelength, in addition to the 8
refinable x, y, z coordinates and 4 Biso isotropic Debye-
Waller factors of the Ba, Co, O1 and O2 atoms, and to
the 4 extinction parameters.20,21 The nuclear structure
was found to be identical to the one in the LAF and
LSDW phases, with agreement R−factors RF = 7.5 and
3.1% at λ = 2.38 and 1.28 A˚, respectively. This provided
us with all the necessary information for the refinement
of the magnetic structure.
The magnetic structure was then refined and the best
result was obtained with agreementR−factorsRF = 10.8
and 11.6% (RF 2ω = 9.55 and 17.3%) for λ = 2.38 and
41.28 A˚, respectively. The quality of the refinement can
also be visualized in Fig. 3. The high-field magnetic
structure is characterized by a collinear arrangement of
the AF component of the moments lying perpendicular to
the applied field H ‖ c, so that this structure corresponds
to a TAF ordering. Two domains are stabilized with the
AF component along a (domain #1) or along b (domain
#2). They are roughly equally populated with respective
populations of 51.7±1.5 and 48.3±1.5%. Indeed, the ap-
plication of the magnetic field perpendicular to the (a, b)
plane should not favor one domain with respect to the
other. The magnetic structure is plotted in Figs. 4(a,b)
in projection onto the (a, b) plane, for a better insight
into the two magnetic domains and into the interchain
couplings. Similarly to the zero-field LAF structure, this
structure is compatible with an AF coupling along the
chains and between two chains of the same type (either
red 41 chains or blue 43 chains) in the diagonal a ± b
directions. There is some remaining frustration between
the neighboring chains of different types. This can be
seen for instance by the fact that one of the two equiva-
lent pairs Co2 – Co
′
8 and Co3 – Co5 [through the 41 screw
axis located at ( 14 , 0, z)] is ferromagnetic, while the other
one is antiferromagnetic. The refined staggered compo-
nent, mTAF = 0.251(2) µB/Co
2+ at H = 12 T, is 9 times
smaller than in the LAF phase at H = 0.7 A field-induced
FM component, parallel to the c axis, superimposes on
the AF one described above, resulting in a canted mag-
netic structure. This parallel component was determined
in Ref. 7: at H = 12 T, it is equal to 0.68 µB/Co
2+, yield-
ing a total moment amplitude of about 0.72 µB/Co
2+.
Note that this magnetic structure cannot be univo-
cally determined. Another AF magnetic structure can
be obtained from the neutron data refinement at 12 T,
with comparable agreement R−factors. This alternative
structure corresponds to a non-collinear TAF structure.
Again, there are two possible domains #1’ and #2’ that
now give exactly the same intensities for all magnetic
peaks, so that it is impossible to determine the domain
populations, although they should be equal as for the
collinear structure. The magnetic moments are along
the a− b and a+ b directions for the red and blue chains
respectively in domain #1’ and reversed for the other
domain [see Figs. 4(c,d)]. The AF component at 12 T
is m′TAF = 0.178(2) µB/Co
2+, i.e., the previous value
divided by
√
2. The coupling is also AF along the chains
and between two chains of the same type, but moments
in two different types of chains are now at 90◦ from each
other. This problem of indeterminacy in a tetragonal
unit cell, between a collinear (moment ‖ a or ‖ b) and a
non-collinear (moment ‖ a± b) structure, with a √2 ra-
tio in the moment amplitudes, is well known.22 The use
of polarized neutrons would be necessary to discriminate
between both structures.
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FIG. 4: (Color online) Projection in the (a, b) plane of the
two possible magnetic structures corresponding to the high-
field TAF phase: (a) and (b) for the two magnetic domains
of the collinear TAF structure with the AF component along
the 〈100〉 directions; (c) and (d) for the two magnetic domains
of the non-collinear TAF structure with the AF component
along the 〈110〉 directions. The two magnetic domains are
deduced from each other by application, e.g., of the 41 or 43
screw axis symmetry operator. The z coordinate of the Co2+
ions is given in parentheses in panel (a).
III. DISCUSSION
The present single-crystal neutron diffraction study
under high magnetic fields allows us to determine the
phase diagram of BaCo2V2O8 up to 12 T [see Fig. 2(a)].
Figures 2(b–d) display the projection, perpendicular to
the a axis, of each magnetic structure corresponding to
the successive ordered phases stabilized with increasing
field. The two low-field magnetic structures, LAF and
LSDW, have their magnetic moments parallel to the ap-
plied magnetic field and are thus longitudinal. The high-
field structure TAF is transverse, that is, with the anti-
ferromagnetic component pointing in the plane perpen-
dicular to the applied field, and appears as the flopped
structure of the zero-field LAF one. Note that at the
LSDW–TAF transition, the incommensurate modulation
ξ becomes close to the commensurate 1/3 value [see Fig. 9
of Ref. 7]. It is interesting to compare the evolution of the
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FIG. 5: (Color online) Field dependence of the various mag-
netic components determined at T = 50 mK between 0 and
12 T by neutron diffraction in Ref. 7 and in the present
work (symbols) and from the magnetization measurement of
Ref. 13 (solid line) after correction by a residual Van Vleck
contribution (mFM ) as done in Ref. 7. The green circles
and solid purple triangles correspond to the refined longitu-
dinal (mLAF ) and transverse (mTAF ) antiferromagnetic com-
ponents, respectively. The blue diamonds correspond to the
refined amplitude A of the sine wave function in the LSDW
phase. The empty purple triangles give the total magnetic
moment in the TAF phase mtot =
√
m2TAF + m
2
FM .
magnetic moment in the successive ordered phases. Fig. 5
shows the field dependence of the ordered AF component
across the three phases, together with the field-induced
FM component and with the total magnetic moment in
the TAF phase. One can see a large and abrupt jump in
the amplitude of the AF ordered component at the LAF–
LSDW phase transition and only a slight decrease of this
component at the LSDW–TAF phase transition. More-
over, close to the latter transition, the amplitude A of the
sinusoidal spin wave in the LSDW phase becomes equal
to the field-induced FM component, meaning that there
are no longer negative spin values (the AF longitudinal
component opposite to the magnetic field is compensated
by the FM one). Still around the critical field of this tran-
sition, the average of the absolute value of the modulated
component in the LSDW phase (2A/pi) has significantly
decreased so that it is nearly the same as the value of
the ordered AF component in the TAF phase, which is
probably a condition for the flop of the antiferromagnetic
component perpendicular to the magnetic field. This up-
dated H −T phase diagram of BaCo2V2O8 qualitatively
agrees with the TLL picture, with a TAF phase following
at higher field the incommensurate LSDW phase. How-
ever, several points remain unsettled.
First, the exact direction of the staggered AF com-
ponent in the (a, b) plane of the TAF phase cannot be
unambiguously determined by our single-crystal neutron
results, which are compatible both with a collinear and
a non-collinear AF arrangement. At first sight, the ori-
entation of the magnetic moments within the chain and
between the chains for both magnetic structures can be
explained by isotropic exchange interactions including:
(i) a main intrachain AF interaction, (ii) an AF diagonal
interaction between chains of the same type and (iii) frus-
trated interactions between chains of different types, like
for the zero-field LAF structure. Additional ingredients
must be invoked to explain the selection of the moment
directions. Kimura et al.23 have noticed that the octahe-
dral environment is slightly tilted from the c axis. Their
analysis of the magnetization measured for a magnetic
field applied in the (a, b) plane allowed them to determine
the local g-tensor. In addition to the strongest anisotropy
axis at ' 5◦ from the c axis, a secondary anisotropy axis
is also present perpendicularly, both axes rotating by 90◦
around the c axis from one Co2+ to the next one along the
chain, under the effect of the screw axis. Such a single-ion
anisotropy would favor neither the collinear nor the non-
collinear magnetic structure. We have also calculated the
dipolar energy and it was found to be identical for both
magnetic structures, indicating that it is not a relevant
parameter either. The Dzyaloshinskii-Moryia interaction
is allowed between some Co2+ pairs that lack an inversion
center. However, its influence is difficult to grasp due to
the lack of symmetry-based constraints on the direction
of the Dzyaloshinskii-Moryia vector. Last, a most proba-
ble crucial ingredient in the selection of the field-induced
magnetic state is the weak orthorhombic distortion that
has been evidenced by thermal expansion and magne-
tostriction measurements.24 This distortion should favor
coincident structural and magnetic domains with mag-
netic moments along the a or b directions, thus selecting
the collinear magnetic structure.
There also seems to be a discrepancy between the
present neutron study and recent NMR results17 concern-
ing the nature of the high field-phase. Indeed, Klanjˇsek
et al.17 observe at 10 T an NMR spectrum consisting of a
single prominent peak that changes to a weak U-shaped
spectrum at long echo-decay times. This spectrum is in-
terpreted as a ”ferromagnetic incommensurate (FM IC)
ordering”, where the Co2+ chains would be ferromagnet-
ically coupled in the a and b directions, with a modula-
tion of the magnetic moment amplitude both along the
c axis and in the (a, b) plane, the latter having a very
long wavelength. We have been looking carefully for ad-
ditional magnetic superlattice peaks at incommensurate
positions (h+α, k±α, l±ξ) and (h, k±α, l±ξ), by vary-
ing continuously the incommensurate modulations α and
ξ in various Brillouin zones. In spite of an optimization of
the experimental conditions to increase the flux and of a
long counting time, no signal could be detected elsewhere
than at the AF position (h + 1, k, l). The influence of a
misalignment of the magnetic field with respect to the c
axis is unlikely to explain the different phases deduced
from neutron diffraction and NMR,25 since the sample
orientation could be precisely determined in our diffrac-
tion experiment and the crystal c axis was found at less
6than 1 degree from the vertical field direction. Moreover,
as can be seen in Fig. 2, the high-field phase boundaries
determined by NMR and neutron diffraction perfectly
coincide indicating that both techniques probe the same
magnetic phase. It is worth noting that the field de-
pendence of the TLL exponent η describing the decay of
the spin-spin correlation functions, as determined from
the field-dependence of the spin-lattice relaxation rate
T−11 in NMR, crosses the value η = 1 close to 8.5 T.
17
This should correspond to the change from longitudinal
incommensurate to transverse staggered fluctuations at
this field value, in perfect consistency with the present
neutron diffraction study. The two sets of experiments
can be reconciled first by noticing that the TAF phase
observed in neutron diffraction is compatible with the
central prominent peak in the NMR line shape. Second,
essentially all the NMR conclusions are based on the anal-
ysis of T−11 probing the spin fluctuations. Above H
∗, T−11
sees essentially the incommensurate spin fluctuations and
is weakly sensitive to the staggered AF ones due to the
symmetric positions of the Co2+ neighbors with respect
to the probed 51V nucleus. This leads to a scenario in
which the ordered phase is indeed the TAF phase deter-
mined by neutron diffraction, but dressed with strong in-
commensurate fluctuations (seen via the T−11 in NMR),
in addition to the expected staggered AF fluctuations.
One cannot exclude also the true coexistence between the
FM IC order proposed in the light of the NMR observa-
tions and the TAF magnetic order determined from our
neutron diffraction study. The neutron diffraction exper-
iment would not be sensitive to the weak incommensurate
signal, as compared to the main TAF signal, which would
be compatible with the NMR spectrum shown in Fig. 2e
of Ref. 17.
Last, the agreement between our experimental result
and a simple model of BaCo2V2O8 where weakly cou-
pled S = 1/2 XXZ chains on a simple cubic lattice are
treated as TLLs,5 is only qualitative. Using the parame-
ters  = 0.46 and J ′/J = 0.00138 extracted from the fit
of the magnetization measurements,13 the LSDW–TAF
transition was calculated to occur at a magnetic field
H∗ ∼ 15 T,5 i.e., higher than H∗ ∼ 8.5 T as observed in
our experiment. This disagreement may be simply due to
the fact that the values of  and J ′/J used by Okunishi
and Suzuki5 to determine this critical field are not cor-
rect. Indeed, our recent inelastic neutron scattering work
suggests slightly different values ( = 0.56, J = 4.8 meV,
J ′ = 0.2 meV yielding J ′/J = 0.04).26,27 However, note
that such a large J ′ would drastically increase the critical
temperature, which seems incompatible with the experi-
mental phase boundaries. One possibility to resolve this
issue is that interchain couplings are rather complicated,
so that the frustration along the a and b directions pro-
duces an effective interchain coupling much smaller than
the individual couplings. In this sense, it should also be
noted that Okunishi and Susuki5 have derived the phase
diagram of BaCo2V2O8 in a mean-field model which does
not take into account the fluctuations that can destabi-
lize the LSDW order more rapidly than predicted in this
approach. Another possibility to resolve the issue was
suggested by Klanjˇsek at al. in Ref.17 where the com-
bination of incommensurate fluctuations in spin chains
and zigzag-like interchain couplings was shown to lead to
the strongly field-dependent effective interchain coupling.
Such a coupling allowed them to account for an additional
phase, absent in the simple TLL picture, which they de-
tected between 19 and 22 T by NMR, before the satu-
rated FM state is reached.17 Finally, the complexity of
the BaCo2V2O8 system is not fully captured by the sim-
ple model introduced in Ref. 5: neither the orthorhom-
bic distortion nor the complex structural arrangement in
screw chains, that produces a multi-axis anisotropy, are
accounted for. This simple model is clearly insufficient
to account for all the properties of BaCo2V2O8 and for
its rich H − T phase diagram.
IV. CONCLUSION
In conclusion, our neutron diffraction study has al-
lowed us to determine the H − T phase diagram of
BaCo2V2O8 in a longitudinal field (H parallel to the
Ising c axis) between 0 and 12 T. After a longitudinal AF
phase (below Hc ∼ 3.9 T) and a longitudinal spin-density
wave phase (between Hc and 9.25 T), we have identified
a canted transverse AF phase above H∗ ∼ 8.5 T. On the
one hand, the transverse nature of this field-induced mag-
netic order is compatible with the TLL picture used by
Okunishi and Suzuki to calculate the BaCo2V2O8 phase
diagram,5 but the calculated critical field (H∗ ∼ 15 T)
is higher than the measured one. On the other hand,
this critical field matches the one deduced from the high-
field NMR studies.17 However, the magnetic fluctuations
above H∗ seen in NMR are incommensurate whereas we
have identified a staggered transverse antiferromagnetic
ordered phase by neutron diffraction. This may reflect an
influence of coexisting longitudinal and transverse mag-
netic fluctuations in this range of magnetic fields. A cal-
culation of the H−T phase diagram using a more realistic
model taking into account the complexity of BaCo2V2O8
is probably crucial to fully capture its rich physics.
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